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Aerial insectivorous birds like the Chimney Swift (Chaetura pelagica) and Common 
Nighthawk (Chordeiles minor) are experiencing population declines across North America.  
While causes of declines are unknown, habitat availability is likely a contributing factor.  Both 
species breed in urban areas.  Chimney Swifts historically nested in tree cavities but now 
primarily nest in masonry chimneys, while nighthawks nest on both gravel rooftops and bare 
ground in grasslands and woodlands.  Suitable chimneys and gravel rooftops are becoming less 
common as building practices change, and the loss of available nest sites may be driving 
declines.  To understand factors of decline, I conducted surveys in municipalities of varying size 
throughout Illinois and examined the influence of various habitat and landscape factors (e.g., 
land cover surrounding points, areal extent of cities, and age distribution of buildings) on 
Chimney Swift and Common Nighthawk occupancy.  Chimney Swifts occupied 97% of 
municipalities (n = 126), 20% of natural areas (n = 10), and 72.5% of all sampled points (n = 
476), but abundance varied considerably.  Swift abundance was greatest at the center of small, 
isolated municipalities where uncapped chimneys tended to be most prevalent.  I detected swifts 
at all points with at least five uncapped chimneys (n = 60), but only 21% of points with no 
uncapped chimneys (n = 270).  Common Nighthawks occupied 16.0% of municipalities, none of 
the natural areas, and 5.5% of sampled points.  Nighthawk occupancy was most dependent on 
high-intensity development and proportion of older buildings, possibly related to gravel rooftop 
availability.  My results suggest that although Chimney Swifts and Common Nighthawks are still 
widespread, contemporary building practices may continue to drive population declines and 
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CHAPTER 1: GENERAL INTRODUCTION 
Aerial insectivores, including swallows, swifts, flycatchers and nightjars, are declining at 
a faster rate than most other bird groups in North America (Nebel et al. 2010).  Swallows, swifts 
and nightjars have been in decline since the 1980s for most of North America (Smith et al. 
2015).  While this uniformity in population trends suggests a common environmental factor may 
be driving declines, there are likely multiple factors involved.  Potential causal factors include 
large-scale factors such as widespread habitat loss of both breeding and wintering grounds, 
climate change, insect population declines, and alteration of landscapes surrounding breeding 
areas (Benton et al. 2002, Malhi et al. 2008, Nebel et al. 2010, Spiller and Dettmers 2019).   
Both the Chimney Swift (Chaetura pelagica) and Common Nighthawk (Chordeiles 
minor) are declining aerial insectivores which nest in developed areas within the Midwest 
(Brigham et al. 2011, Sauer et al. 2017, Steeves et al. 2014).  The artificial nest substrates used 
by these species (e.g., chimneys and gravel rooftops, respectively) are rapidly disappearing or 
becoming less suitable with changes in building practices (Steeves et al. 2014, Swanson and 
Newberry 2018).  Moreover, natural nesting habitat—large hollow trees and bare ground—is 
limited and may not support breeding populations (Swanson and Newberry 2018, Zanchetta et al. 
2014).  Nighthawks nest on bare ground found in sand prairies and woodland clearings which 
require disturbance (e.g., thinning or prescribed fire) to maintain (Hagar et al. 2004, Steeves et 
al. 2014) and swifts nest in large tree cavities which may be reduced by selective harvest and 
habitat fragmentation (Lindenmayer et al. 2013, Zanchetta et al. 2014).  Thus, the loss of nesting 
habitat may be related to the drastic declines experienced by Chimney Swifts and Common 




Chimney Swift and Common Nighthawk populations may be declining in general, but 
locally, some populations may be stable or increasing (Steeves et al. 2014).  Additionally, these 
species may be underrepresented by surveys conducted long after sunrise, when crepuscular 
birds such as the nighthawk are inactive, and outside of major cities where Chimney Swifts are 
most concentrated (Robbins et al. 1986).  Surveys at sunrise or sunset, when swifts leave or 
return to their roost, may also provide the best estimate of Chimney Swift abundance.  Thus, 
surveys within cities and near sunrise or sunset may more accurately assess Chimney Swift and 
Common Nighthawk occupancy and population trends. 
Both Chimney Swifts and Common Nighthawks are understudied.  Previous studies have 
suggested that Common Nighthawks are more likely to occupy cities in areas with little natural 
habitat (Brigham 1989, Newberry and Swanson 2018).  Similarly, while tree-nesting Chimney 
Swifts have been discovered in recent years (Hines et al. 2013, Zanchetta et al. 2014), this is a 
rare occurrence limited to old-growth forest with large hollow trees (Steeves et al. 2014).  
Chimney Swift research has focused on changes in their diet (Nocera et al. 2012), roosting and 
foraging behavior (Bouchard 2005, Dexter 1992, Farquhar et al. 2018, Wheeler 2013) and 
requirements for nesting and roosting chimneys (Fitzgerald et al. 2014, Le Roux et al. 2019).  As 
the loss and fragmentation of natural nesting habitat continues, Chimney Swifts and Common 
Nighthawks may become more dependent on urban areas for nesting sites.  This thesis will 
examine the determinants of Chimney Swift and Common Nighthawk occupancy within east-
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CHAPTER 2: ASPECTS OF MUNICIPALITIES ASSOCIATED WITH OCCUPANCY 
AND ABUNDANCE OF CHIMNEY SWIFTS IN ILLINOIS 
 
2.1 INTRODUCTION 
Aerial insectivores, including swallows, swifts, flycatchers and nightjars, are declining at 
a faster rate than most other bird groups in North America (Nebel et al. 2010).  Long-term 
declines in swallows, swifts and nightjars have continued since the 1980s in most of North 
America (Smith et al. 2015).  While this uniformity in population trends suggests a common 
environmental factor may be driving declines, there are likely multiple factors involved.  
Potential causal factors include widespread loss of both breeding and wintering habitat (Arena et 
al. 2011, Brigham et al. 2011, Brown et al. 2000, Hansen et al. 2013, Malhi et al. 2008, Noss et 
al. 1995, Sampson and Knopf 1994, Spiller and Dettmers 2019, Turner 1997), climate change 
(Both et al. 2006, Sillett et al. 2000, Visser et al. 2006), insect population declines (Benton et al. 
2002, Hallmann et al. 2014, Hallmann et al. 2017), and alteration of landscapes surrounding 
breeding areas (Andrén 1994, Benton et al. 2002, Kennedy et al. 2011, Nebel et al. 2010).  
However, some aerial insectivores experiencing declines are heavily dependent on developed 
areas, which have expanded substantially in the last 30 years (Seto et al. 2011). 
The Chimney Swift (Chaetura pelagica), an aerial insectivore primarily found in 
developed areas, has suffered steep population declines over the last 50 years.  Chimney Swifts 
have declined faster in parts of the Midwestern U.S. (-3.0% per year) than in most of North 
America (-2.5% per year; Sauer et al. 2017).  Recent trends (2005-2015) show an even steeper 
decline in some Midwestern states, such as Illinois (-6.8% per year), in comparison to the entire 




of Nature listed the Chimney Swift as near threatened in 2010 (IUCN 2016).  While this overall 
decline is alarming, population trends are heterogeneous within regions experiencing steep 
declines including Illinois (Figure 2.1; Sauer et al. 2017), ranging from severe declines (less 
than -1.5% per year) to relative stability (between -0.25% and 0.25% per year).  This spatial 
heterogeneity in population trend may be due to variation in nesting and foraging habitat quality.  
Chimney Swifts historically nested in hollow trees, tree cavities, and caves before 
chimneys became readily available with European settlement of North America (Graves 2004).  
This species now primarily nests in porous masonry chimneys (Steeves et al. 2014); tree-cavity 
nests are considered rare and are typically found in large trees with a diameter at breast height of 
at least 0.5 m (Hines et al. 2013, Graves 2004, Lindenmayer et al. 2013, Zanchetta et al. 2014). 
While chimneys may provide more protection from predators and inclement weather than tree 
cavities (Graves 2004), changes in building practices may have reduced the availability of 
suitable chimneys in developed areas.  Whereas many buildings from approximately 1670 to the 
late 1900s included masonry chimneys, these are increasingly rare (Graves 2004).  Masonry 
chimneys which are otherwise suitable for nesting are increasingly capped (with a metal top that 
allows smoke to leave but prevents birds from accessing the chimney), or lined with metal, 
providing a substrate unsuitable for nest attachment (Stewart et al. 2016).  Additionally, swifts 
may prefer to nest in tall masonry chimneys with large openings because of lower average 
temperatures (Fitzgerald et al. 2014, Rioux et al. 2018).  Swifts nest up to 16.2 m below the 
chimney opening, but average nest depth is 6.1 m (Dexter 1969).  Chimney Swifts also exhibit 
strong nest site fidelity and usually return to the same chimney to nest (Dexter 1978).  Typically, 
only one breeding pair will nest in a chimney, and pairs avoid nesting in adjacent flues (Dexter 




individuals for roosting (Dexter 1969).  There is also some evidence of helpers, which suggests 
suitable chimneys may be nearly saturated by breeding Chimney Swifts.  
  The Breeding Bird Survey does not effectively survey urban areas (Robbins et al. 1986), 
and Chimney Swift occupancy and abundance may be more accurately estimated within 
developed areas where chimneys are more common (Rioux et al. 2010).  Therefore, while the 
Breeding Bird Survey clearly demonstrates population declines in Chimney Swifts as well as 
regional differences in population trends (Sauer et al. 2017), it is unclear whether these data 
provide an accurate representation of areas where Chimney Swifts breed given their potentially 
large foraging distances (Fischer 1958, Wheeler 2013).  In addition, the Breeding Bird Survey 
continues for several hours after sunrise (Robbins et al. 1986), but detection of swifts may be 
more likely near dawn or dusk when swifts are leaving or returning to chimneys.  Assessing 
abundance in relation to habitat characteristics with a species-specific survey will help determine 
factors that support Chimney Swift populations and potential reasons for the variability in 
population trends. 
I expect to find Chimney Swifts primarily in cities and towns (Dexter 1991, Palmer-Ball 
1996, Wheeler 2013), with the occupancy and abundance of swifts in those cities and towns 
related to certain attributes of developed areas that promote Chimney Swift occupancy and larger 
swift populations.  Specifically, chimneys suitable for nesting are not found in newer buildings, 
and certain types of development and ages of buildings may be more likely to provide suitable 
nesting habitat.  Suitable chimneys may be more likely to be found on older buildings, and the 
age of buildings is likely associated with proximity to a city center because newer development 




concentrated near the center of a city due to a higher density of buildings.  On the other hand, 
swift occupancy and abundance may also be influenced by changes in food availability. 
If declines in insect populations are a major contributor to swift declines, I expect the 
amount of surrounding agriculture to negatively impact Chimney Swift occupancy and 
abundance given that insect declines seem to be largely attributable to agricultural pesticides and 
intensive farming practices (Benton et al. 2002, Geiger et al. 2010, Grüebler et al. 2007, 
Hallmann et al. 2014, Hallman et al. 2017, Moreby and Sotherton 1997).  Furthermore, 
landscape context could influence the occupancy of suitable breeding areas (Andrén 1994, 
Kennedy et al. 2011).  For example, insect density and abundance may be limited by agriculture 
in the surrounding landscape (Benton et al. 2002, Grüebler et al. 2006).   However, any negative 
influence of agricultural areas on Chimney Swift occupancy could also be related to the relative 
scarcity of chimneys compared to cities. 
I aim to examine determinants of Chimney Swift occupancy and abundance at multiple 
scales to identify factors within and around cities that affect distribution and abundance of 
populations in east-central Illinois.  First, I expected that occupancy and abundance would be 
greater where suitable chimneys (uncapped, masonry) were more abundant.  Therefore, I 
predicted swifts would be more abundant in high-intensity development near city centers and 
large cities (vs. isolated cities) due to the availability of suitable chimneys.  On the other hand, I 
expected lower occupancy and abundance in areas of severe or moderate decline compared to 
areas of relative stability if Breeding Bird Survey trends are accurate and indicative of 
occupancy.  I also expected row crops within the landscape to reduce occupancy and abundance 
assuming agriculture limits food and chimney availability.  Finally, I analyzed factors 




suitable chimneys.  I expected uncapped chimneys would be more abundant in older, medium- to 
high-intensity development and most uncapped chimneys would be occupied, but taller chimneys 
would be more likely to be occupied due to cooler temperatures (Rioux et al. 2018).  I also 
predicted greater Chimney Swift abundance would increase the probability of swift activity near 
a chimney and decrease the probability of correctly classifying a chimney as occupied.  
Ultimately, I hope to clarify the importance of nesting habitat and landscape characteristics for 




 My study area was the Grand Prairie Natural Division of central and east-central Illinois 
(Figure 2.2).  Historically, this region consisted of primarily tall-grass prairie, most of which has 
been converted into agriculture (Schwegman 1973).  Within this region, I sampled 10 natural 
areas (e.g., parks and preserves) and 126 municipalities, including randomly selected cities with 
less than 10,000 people (hereafter, small cities, n = 108) according to the 2010 U.S. Census 
Bureau and all cities with a population greater than 10,000 people (hereafter, large cities, n = 18) 
to ensure sufficient sampling of larger municipalities. Population size of small cities in the study 
area ranged from 37 to 9,609 people; more than half of those municipalities had less than 1,000 
people.  Small cities were selected using a stratified random sampling method based on 
proximity to large cities, population trend region, and population size. I classified municipalities 
within 2-10 km of a large city as neighboring cities (n = 27), with cities < 2 km from a large city 
excluded to avoid double-counting, or as isolated cities (n = 81).  One neighboring city was 




of differing Chimney Swift population trends (severe decline, slight decline, and relatively 
stable) based on Breeding Bird Survey analyses (Figure 2.1) and three groups based on 
population size.  Most cities fell in the zone with slight decline (n = 54), which covered the 
largest area compared to the zones with severe decline (n = 35) and relative stability (n = 37; 
Figure 2.3).  To sample a similar distribution within each of the three regions, all small cities in 
the study area were divided into three proportionate groups by population size from which to 
sample.  
Chimney Swift Surveys 
 I sampled 90 cities and 6 natural areas in 2017.  In 2018, I revisited 3 natural areas and 54 
cities, including all large cities and 36 small cities; I also sampled 40 additional sites consisting 
of 36 cities and 4 natural areas (Figure 2.4). I used a modified Breeding Bird Survey 
methodology (Robbins et al. 1986), to sample roadside routes with 3-minute point counts spaced 
at equal 1600-meter intervals.  Because Chimney Swifts may forage several kilometers away 
from their nest site (Fischer 1958, Wheeler 2013), I used 1600-meter increments rather than 800-
meter increments between points to decrease the chance of double-counting.  Depending on the 
size of a municipality, each route had 1 to 10 points within the town or city and 2 to 5 points 
outside the town or city, located on low-volume roads which extended outside the city.  In 
general, transects began at the center of the city and continued on the longest axis through the 
city.  I sampled as many types of developed land cover (low-, medium-, and high-intensity) 
within a municipality as possible, and I sampled undeveloped land cover outside a municipality.  
Routes in natural areas had between 1 and 3 points depending on size.   
Routes were sampled 2 to 3 times each year between May 15 and August 15 at roughly 3-




completed in a day.  I conducted counts throughout the day, but I sampled each municipality or 
natural area at least once near sunrise or sunset (between 30 minutes before and 2 hours after, 
and 2 hours before and 30 minutes after, respectively) to maximize probability of Chimney Swift 
detection (Steeves et al. 2014).  For each sampled point, I recorded the time, standardized 
measures of wind, sky, and temperature (Howe et al. 1997), land-cover type, number of capped 
and uncapped masonry chimneys, and the maximum number of Chimney Swifts simultaneously 
observed at the point within an unlimited radius.  To count chimneys at points in highly 
developed areas where buildings obscure views of chimneys (primarily within city boundaries), I 
walked approximately 40 m from the corner of the closest intersection (if present) in each 
direction the road allowed.  I counted chimneys up to ~ 400 m from points and used binoculars 
when necessary to determine whether a chimney was capped.  Chimney counts were slightly 
inconsistent between years, possibly due to observer error or chimney capping; thus, I averaged 
chimney counts between the two years.  Swifts observed >400 m away were classified as distant 
observations.  Surveys were not conducted during periods of steady rain or heavy fog (Howe et 
al. 1997).  
Chimney Use Surveys 
To quantify chimney use and investigate whether uncapped masonry chimneys were 
saturated by breeding swifts, I conducted Chimney Swift surveys at uncapped masonry chimneys 
along routes of 6 municipalities that ranged in population size from less than 500 to over 40,000 
people.  I sampled both residential and business development in each municipality.  On each 
route, I mapped all masonry chimneys, capped and uncapped, and recorded the number of stories 
and height of each uncapped chimney above the roof.  Routes were sampled at least twice 




number of uncapped chimneys.  Survey points were selected to maximize the number of 
uncapped chimneys within view and I monitored up to 10 uncapped chimneys within 300 m of 
each point.  I performed 10-minute surveys at viewing points along routes where I recorded time 
of day, standardized measures of wind, sky, and temperature (Howe et al. 1997), maximum 
number of Chimney Swifts observed simultaneously, activity at or around uncapped chimneys, 
and number and time of entries into each chimney. 
Spatial Analyses 
I used Geographic Information System data to determine the areal extent, human 
population size, age distribution of buildings (as older buildings may have more suitable 
chimneys), and landscape composition around each sampled municipality or natural area, route, 
and sample point.  Topologically Integrated Geographic Encoding and Referencing (TIGER) 
system shapefiles (U.S. Census Bureau 2016) represented the areal extent of municipalities.  I 
determined municipality boundaries and city centers from the 2015 Cropland Data Layer (USDA 
National Agricultural Statistics Service 2017) and TIGER shapefiles (U.S. Census Bureau 2016).  
Although the 2016 TIGER city boundaries extend to include developed roads, I defined the 
municipality boundary as the intersection of the TIGER shapefiles and continuous off-road 
developed land cover.  I used data from the American Community Survey (U.S. Census Bureau 
2015) to determine the age distribution of buildings.  Since chimney capping has become a 
common building practice in recent years, I chose to examine the proportion of buildings built 
prior to 1970 (hereafter building age).  Land-cover classes were defined by the 2015 Cropland 
Data Layer (USDA National Agricultural Statistics Service 2017), which classifies development 
intensity by the percentage of impervious surface relative to total cover.  For each individual 




medium-intensity developed space (e.g., primarily residential development) and high-intensity 
developed space (e.g., primarily commercial and industrial development, apartment complexes 
and row housing), row crop and natural (e.g., forest, grassland, wetland, and open water) land-
cover within 800 m (half of the distance between sampled points) and 5 km.  I chose an 800 m 
buffer around points to represent local conditions and a 5 km buffer around routes to represent 
the larger landscape context.  I also assessed whether a point was inside (n = 193) or outside (n = 
283) the city boundary and the distance to both the edge and the center of the nearest city. 
Occupancy Models 
 I used robust design multi-scale occupancy models as well as N-mixture models to 
examine the factors affecting Chimney Swift occupancy and distribution (Kéry and Royle 2015, 
Nichols et al. 2008).  Features influencing occupancy at a point were analyzed by the habitat 
characteristics at each spatial scale (point, city, and landscape).  Imperfect detection was 
accounted for by multiple visits to each point.  Covariates were centered and standardized for N-
mixture models.  I assessed model fit using residual plots and quantile-quantile plots for N-
mixture models (Knape et al. 2018), and I evaluated candidate models using Akaike’s 
Information Criterion (AIC; Burnham and Anderson 2003).  Covariates were examined in a 2-
step process, first evaluating models of detection probability and then assessing factors 
influencing occupancy/abundance (Table 2.1) using the best-fit structure for detection 
probability.  Covariates considered for detection were time of day, the square of time (to account 
for increased activity near dawn and dusk), day of season, wind, cloud cover, precipitation, 
number of uncapped and total masonry chimneys at a point and proximity to city center.  I 
created nested models with up to four covariates using a step-wise approach to select point-, city-




model.  I used covariate averages for missing values in occupancy models (n = 10), and I 
averaged the number of capped and uncapped masonry chimneys between the two years because 
of some inconsistencies (possibly due to observer error or chimney capping).  A zero-inflated 
Poisson distribution was the best structure for N-mixture models due to a large quantity of zeros 
and the instability and overestimation of negative binomial models.  In addition, to further 
understand how Chimney Swift occupancy and abundance were related to uncapped chimney 
abundance, I investigated the influence of land cover types, city size, development intensity and 
building age on the number of uncapped masonry chimneys at a point. 
 I used single-season multi-state occupancy models (Kéry and Royle 2015) to investigate 
factors affecting uncapped chimney use.  An uncapped chimney had three possible states: 
unoccupied, potentially occupied, or occupied.  Potentially occupied chimneys were defined by 
Chimney Swift flight paths near (within ~ 1.5 m) the chimney entrance, and occupied chimneys 
were defined by Chimney Swift flight into/out of a chimney.  I used multi-state occupancy 
models to examine the influence of building and chimney height on the state of an uncapped 
chimney.  I also analyzed whether the abundance of Chimney Swifts affected the probability of 
correctly classifying a chimney as used.  Imperfect detection probability was accounted for with 
time of day, and I evaluated candidate models using Akaike’s Information Criterion (AIC; 
Burnham and Anderson 2003). 
 
2.3 RESULTS 
Chimney Swifts were detected in 121 of 126 municipalities and 2 of 10 natural areas 




I detected Chimney Swifts at all points where five or more uncapped masonry chimneys were 
observed (n = 60), but only at 21% of points where no uncapped chimneys were observed (n = 
270, Table 2.2).  While 19% of swift observations were classified as distant, only 3.6% of 
occupied points had exclusively distant observations (n = 23).  I counted ~1800 masonry 
chimneys, of which more than half (58%) were capped.   
 Site occupancy estimates for Chimney Swifts did not vary significantly (ѱ = 1.00, 95% 
CI: 0.990, 1.00) and there were no local extinctions (ε = 0.00, 95% CI: 0.00, 0.00) or 
colonizations (γ = 0.00, 95% CI: 0.00, 0.00).  Detection probability ranged from 0.123 (95 % CI: 
0.0801, 0.184) to 0.773 (95 % CI: 0.724, 0.815) and was best explained by time of day (β0 = -
1.40, 95% CI: -1.85, -0.944; β = 0.0739-0.114, 95% CI: 0.0466, 0.101; 0.0826, 0.146), number 
of masonry chimneys within an unlimited radius (β = 0.162, 95% CI: 0.131, 0.193), and distance 
to the city center (β = -0.237, 95% CI: -0.323, -0.152).  Probability of point occupancy (θ) was 
lower outside the city (β0 = 23.2, 95% CI: -187, 233; β = -24.5, 95% CI: -234, 185; Table 2.3) 
versus inside, but the 95% confidence interval included zero.  A 10% increase in the proportion 
of low intensity development within 800 m corresponded to 2.87 times greater probability of 
point occupancy (β0 = -2.39, 95% CI: -2.93, -1.86; β = 28.7, 95% CI: 20.0, 37.34; Table 2.3, 
Figure 2.5).   Similarly, point occupancy increased with proportion of medium-intensity (β0 = -
2.35, 95% CI: -2.88, -1.82; β = 28.2, 95% CI: 19.6, 36.9) and total development (β0 = -2.59, 95% 
CI: -3.19, -1.98; β = 15.2, 95% CI: 10.5, 20.0) within an 800-m buffer (Table 2.3).  Point 
occupancy also increased with the number of uncapped masonry chimneys observed (β = 1.97, 
95% CI: 1.36, 2.58), which was correlated with low-intensity development (r = 0.61) as well as 




city, natural area, population trend zone, and proportion of development within 5 km of a route 
did not influence point occupancy more than the null model (Table 2.3).   
Chimney Swift abundance varied by the proportion of medium-intensity development in 
a 5-km buffer around routes and the interaction of distance to city center and whether a point was 
inside or outside a city (Table 2.4).  Swift abundance was greater inside of a city versus outside 
(β0 = 3.41, 95% CI: 3.23, 3.60; β = -2.42, 95% CI: -2.68, -2.16) and increased with proximity to 
the city center (β = -0.200, 95% CI: -0.389, -0.0110; Figure 2.6); outside of cities, abundance 
increased with each standard deviation (1.73 km) increase in distance from the city center, 
although the confidence interval was relatively wide (β = 0.356, 95% CI: 0.12, 0.59; Figure 2.6).  
In addition, the proportion of medium-intensity development within 5 km of a route reduced 
swift abundance at points (β = -0.131, 95% CI: -0.184, -0.0791; Figure 2.7).  City size also 
decreased abundance (β0 = 3.54, 95% CI: 3.39, 3.69; β = -0.110, 95% CI: -0.163, -0.0567), 
although it was highly correlated with medium-intensity development within 5 km (r = 0.82).  
Abundance was similar among population trend zones inside cities with average distance to city 
center (λi = 19.1, 95% CI: 15.6 23.3; λi = 21.5, 95% CI: 17.7, 26.1; λi = 23.2, 95% CI: 18.8, 28.6 
for stable, moderate and steep decline, respectively).  Proximity to large city and location in city 
versus natural area were not among competing models (Table 2.4).  Probability of individual 
detection ranged from 0.0712 (95% CI: -0.001, 0.143) to 0.444 (95% CI: 0.368, 0.520) and 
increased with total number of masonry chimneys observed (β0 = -2.48, 95% CI: -2.69, -2.26; β = 
0.555, 95% CI: 0.508, 0.601) and time (β = 0.251, 95% CI: 0.212, 0.289), leveling off near 
sunset, as indicated by the square of time (β = -0.0678, 95% CI: -0.125, -0.0109).  Detection also 
increased with distance to city center (β = 0.17, 95% CI: -0.0411, 0.374), but the confidence 




The number of uncapped masonry chimneys at points within city limits was best 
predicted by building age and amount of development (Table 2.5).  There were 2.3 times more 
uncapped chimneys with every 50% increase in the proportion of buildings built prior to 1970 
(β0 = -1.48, 95% CI: -3.60, 0.640; β = 4.60, 95% CI: 1.90, 7.30; Table 2.6), and 4.5 times more 
uncapped chimneys with every 50% increase in proportion of low-intensity development within 
800 m of a point (β = 9.03, 95% CI: 6.87, 11.2; Table 2.6).  However, there were 2.6 times fewer 
uncapped masonry chimneys at a point with each 25% increase in proportion of total 
development within 5 km of a route (β = -5.10, 95% CI: -7.49, -2.71; Table 2.6).  The amount of 
development in the landscape (5 km buffer) was highly correlated with city size (r = 0.82), but 
city size had little effect on the number of uncapped chimneys (β0 = 4.05, 95% CI: 3.59, 4.50; β = 
-0.01, 95% CI: -0.01, -0.005; Table 2.6).  Uncapped chimneys, although better predicted by 
development, were also more abundant at city centers (β0 = 4.54, 95% CI: 4.01, 5.07; β = -0.643, 
95% CI: -0.869, -0.417; Table 2.6). 
Based on multi-state occupancy models for a subset of municipalities (n = 6), the 
probability of use for an uncapped masonry chimney was 0.093 (95% CI: 0.035, 0.22).  
Detection probability ranged from 0.126 (95% CI: 0.052, 0.28) to 0.599 (95% CI: 0.199, 0.900) 
and increased towards sunset (β = 0.118-0.315, 95% CI: 0.019, 0.22; 0.092, 0.54).  The 
probability of swifts flying near an uncapped chimney (ѱ1) increased with the number of 
Chimney Swifts observed (β = 0.294, 95% CI: 0.0883, 0.50; Table 2.6).  The number of 
Chimney Swifts observed also decreased δ, the probability of correctly classifying chimneys as 
used (β = -11.7, 95% CI: -21.4, -2.09).  The number of stories of a building did not significantly 
influence ѱ1 (β = -0.572, 95% CI: -1.27, 0.130) or the probability of chimney use, ѱ2 (β = 0.922, 








 Although uncapped chimneys were not the best predictor of Chimney Swift occupancy or 
abundance, availability of suitable chimneys seems to be the major driver of Chimney Swift 
populations in east-central Illinois.  While Chimney Swifts occupied nearly all cities and towns, 
occupancy of individual points within those cities and towns increased with types of 
development highly correlated with the number of uncapped masonry chimneys.  For instance, 
swifts were most likely to occupy points with low-intensity development (e.g., single family 
housing) where uncapped chimneys were most abundant.  Chimney Swifts were also most 
abundant at the center of small, isolated towns where uncapped chimneys were concentrated, 
rather than large cities as I expected.  Furthermore, swift abundance increased with the number 
of uncapped chimneys at a point based on a post hoc model (Figure 2.8). 
Chimney Swift abundance was greatest at the center of municipalities.  This is likely due 
to the higher concentration of suitable chimneys—particularly the taller chimneys associated 
with commercial and industrial buildings which swifts tend to prefer (Fitzgerald et al. 2014, 
Wheeler 2013).  Outside of cities, swift abundance slightly increased with distance from city 
centers, potentially due to suitable chimneys scattered outside of cities, but abundance was more 
than three times greater within cities.  On the other hand, abundance decreased with increasing 
development in the surrounding landscape, which was highly correlated with city size.  The 




on average, I found 3.0 uncapped chimneys in metropolitan counties and 4.3 uncapped chimneys 
in non-metropolitan counties.  Thus, Chimney Swift abundance may be greatest in smaller, 
isolated cities within east-central Illinois.  Other factors describing the surrounding landscape, 
such as building age, proximity to large city, population trend zone, and amount of row crops, do 
not seem to be driving patterns of occupancy or abundance. 
 While the chimney use survey seems to indicate many uncapped chimneys were 
unoccupied, a more thorough investigation would help determine whether suitable uncapped 
chimneys are saturated by breeding Chimney Swifts.  Ideal nesting chimneys have a large 
opening and a porous interior surface (e.g., brick or clay; Steeves et al. 2014), but changes in 
building practices (e.g., gas/electric heating, metal flue lining, chimney caps) have reduced the 
availability of these types of chimneys for Chimney Swifts.  Chimneys that initially appear 
suitable may be unsuitable due to unmeasured factors such as temperature and air flow.  Le Roux 
et al. (2018) demonstrated that Chimney Swifts tend to nest in cooler chimneys with lower 
maximum and mean temperatures.  Chimneys may also be mistaken as uncapped when viewed 
from the ground (e.g., inactive chimneys may be covered without vents).  In addition, my sample 
of monitored chimneys was small, and an accurate assessment of chimney use may require more 
intensive monitoring during the peak of the breeding season (Fitzgerald et al. 2014, Purves et al. 
2019) and considering additional attributes of chimneys that are not immediately apparent from 
the outside (e.g., lining).    
Although Fitzgerald et al. (2014) similarly found swifts using only about 25% of suitable 
chimneys in southern Ontario, Chimney Swift occupancy in central Illinois still seems to be 
strongly associated with development types in which uncapped chimneys are concentrated.  




lining), uncapped chimney abundance was greatest in low-intensity, older developments and 
increased with proximity to the center of a city.  Conversely, uncapped chimney abundance 
decreased with the amount of total development in the surrounding landscape, suggesting that 
uncapped chimneys were more common in isolated cities or non-metropolitan areas.  As 
developed areas continue to expand and older buildings are demolished or renovated, suitable 
nesting chimneys may become less common.   
One potential conservation strategy for Chimney Swifts involves providing 
supplementary nesting habitat to offset the ongoing loss of chimneys and natural cavities.  Large 
natural cavities suitable for nesting are limited due to land clearing and harvesting (Lindenmayer 
et al. 2013, Zanchetta et al. 2014), especially in an agriculturally dominated landscape such as 
east-central Illinois.  A close relative of the Chimney Swift in the western United States, the 
Vaux’s Swift (Chaetura vauxi), has also experienced population declines, possibly due to loss of 
nesting habitat (Bull 2003, Lack 1956).  Large nest boxes provided to supplement nesting habitat 
have successfully fledged offspring (Bull 2003), although Vaux's Swifts nest in tree cavities 
more often than chimneys.  To mitigate the effects of declining chimney habitat on Chimney 
Swift populations, some organizations have built nesting towers resembling chimneys.  Although 
swifts will nest and roost in nesting towers, these structures can be expensive and only 
accommodate a single breeding pair (Kyle and Kyle 2005).  I have only found Chimney Swift 
nests in 3 of 21 nesting towers I deployed throughout east-central Illinois, including no nests in 
17 3-m towers and 3 active nests in 4.3-m towers.  Swifts may prefer taller towers for cooler 
temperatures and/or protection from predators (Fitzgerald et al. 2014, Le Roux et al. 2018).  The 
towers may be too isolated to be discovered by nesting swifts, and while conspecific cues may 




Nocera 2012).  In addition, preliminary data from a GPS-tagged Chimney Swift suggests they 
forage relatively close to a nest site.  Although the tagged swift traveled up to 1.7 km from the 
nest, it spent 50% of its time within 250 m of its nest chimney.  Alternative nesting habitat may 
not be discovered or used by Chimney Swifts, especially if suitable chimneys are not saturated.  
A nesting tower costs hundreds of dollars, and investigation of more economical options may be 
needed to make alternative nesting structures a viable option.   
While suitable nest sites may quickly become a limited resource for Chimney Swifts, 
factors such as food abundance may also play an important role in the widespread declines of 
swifts and other aerial insectivores.  There is increasing evidence of significant declines in aerial 
insect populations (Hallmann et al. 2017, Shortall et al. 2009) and changes in insect community 
structure (Nocera et al. 2012, Pomfret et al. 2014).  Agricultural intensification and increased 
pesticide use have been implicated as driving forces of aerial insect population declines (Benton 
et al. 2002, Hallmann et al. 2014, Nocera et al. 2012, Shortall et al. 2009); for this reason, I 
expected row crops to negatively influence Chimney Swift occupancy.  However, the amount of 
row crops in the landscape surrounding sample points seemed unimportant.  Development in the 
landscape decreased Chimney Swift abundance, suggesting that swifts were more abundant in 
small towns surrounded by agriculture compared to urban areas.  Changes in land use and insect 
populations may have less influence on occupancy and abundance but may decrease reproductive 
success.  Increased nest monitoring could help evaluate whether agricultural intensification is 
significantly contributing to Chimney Swift declines.   
 In conclusion, the availability of suitable nesting habitat may be the most important 
habitat characteristic for Chimney Swift populations.  Both chimneys and tree cavities suitable 




Rioux et al. 2010, Zanchetta et al. 2014) and Chimney Swifts are declining at an alarming rate.  
While there are probably other factors such as changes in insect populations that are driving 
declines, management has little control over these large-scale effects.  I suggest that Chimney 
Swift populations may benefit most from the protection of nesting habitat, including preservation 
of suitable chimneys and provision of alternative nesting sites.  However, this strategy has 
several forms of inertia against it.  Current building practices tend toward high-efficiency gas 
and electric furnaces with alternative structures for heating exhaust (e.g., vents), and newly 
constructed chimneys are typically metal-lined and/or capped.  The continual renovation and 
expansion of urban areas may severely limit the number of suitable chimneys.  If the loss of 
suitable chimneys persists, the remaining nesting habitat may be insufficient to sustain Chimney 
Swift populations in Illinois and other parts of North America.  Additionally, provision of 
alternative nesting structures may not have a large impact on swift population stability due to 
limited space and resources.  While the availability of suitable chimneys is clearly important for 
Chimney Swift populations, how to effectively offset the loss of suitable chimneys with 




2.5 TABLES AND FIGURES 
Table 2.1.  Covariates used in models of Chimney Swift occupancy including proportions of 
each land-cover type (local and landscape scale) and city characteristics. Local land cover (800 
m) was used for point occupancy, while landscape land cover (5 km) and city characteristics 
were used with both point and route occupancy. 
Variable Mean SE Min. Max. 
City characteristics     
  Capped chimneys 2.23 0.16 0.00 21.50 
  Uncapped chimneys 1.61 0.13 0.00 16.00 
  Total chimneys 3.84 0.27 0.00 28.00 
  Distance to center (km) 2.46 0.08 0.02 11.24 
  Distance to edge (km) 1.12 0.05 0.00 6.94 
  City size (km2) 14.65 4.11 0.25 408.74 
  Buildings built prior to 1970 0.63 0.01 0.12 0.95 
Landscape (5 km)     
  Open developed 0.04 0.00 0.02 0.13 
  Low-intensity developed 0.05 0.00 0.01 0.26 
  Medium-intensity developed 0.02 0.00 0.00 0.20 
  High-intensity developed 0.01 0.00 0.00 0.06 
  Total developed 0.12 0.01 0.12 0.57 
  Row crop 0.75 0.01 0.21 0.94 
Local land cover (800 m)     
  Open developed 0.08 0.00 0.00 0.31 
  Low-intensity developed 0.17 0.01 0.00 0.82 
  Medium-intensity developed 0.06 0.00 0.00 0.51 
  High-intensity developed 0.02 0.00 0.00 0.66 
  Total developed 0.34 0.02 0.02 1.00 
  Row crop 0.54 0.02 0.00 0.98 
   
   
   





Table 2.2.  Number of sampled points, proportion of points with Chimney Swift (CHSW) 
detections, and number of CHSW observed at each point based on how many uncapped masonry 
chimneys were observed at each point (n = 476).  Municipalities and parks throughout east-











0 270 0.21 0.19 (0.03) 0-15 
1-5 146 0.73 1.90 (0.13) 0-45 
5-16 60 1.00 7.12 (0.47) 0-70 
 
Table 2.3.  Relative support for multi-scale occupancy models estimating Chimney Swift point 
occupancy (θ) in east-central Illinois during the summers of 2017 and 2018.  Included are the 
number of parameters in each model (K), Akaike's Information Criterion adjusted for small 
sample size (AICc), difference in AIC values compared to the top‐ranked model (ΔAICc) and 
AIC model weight (wi).  All models account for imperfect detection with time, distance to city 
center and total number of masonry chimneys observed.  Covariates include whether a point was 
inside or outside a city (inside city), and proportion of low, medium and high intensity 
development in 800 m and 5 km buffers. 
Model K AICc ΔAICc wi 
Inside city 11 1491.68 0.00 0.51 
Low-intensity development (800 m) 11 1492.28 0.59 0.38 
Medium-intensity development (800 m) 11 1495.54 3.86 0.07 
Total development (800 m) 11 1497.36 5.68 0.03 
Total masonry chimneys 11 1517.16 25.47 0.00 
Uncapped masonry chimneys 11 1552.94 61.25 0.00 
Row crop (800 m) 11 1555.34 63.66 0.00 
High-intensity development (800 m) 11 1561.50 69.81 0.00 
Open development (800 m) 11 1578.01 86.33 0.00 
Low-intensity development (5 km) 11 1650.53 158.84 0.00 
Intercept only 11 1664.42 172.74 0.00 
Natural area 10 1665.94 174.26 0.00 
Row crop (5 km) 11 1666.55 174.87 0.00 
Total development (5 km) 11 1667.71 176.03 0.00 
City size 11 1668.19 176.51 0.00 
Building age 11 1668.19 176.51 0.00 
Distance to city center 11 1668.19 176.51 0.00 
Open development (5 km) 11 1668.19 176.51 0.00 
Medium-intensity development (5 km) 11 1668.19 176.51 0.00 
High-intensity development (5 km) 11 1668.19 176.51 0.00 
Proximity to large city 12 1670.47 178.79 0.00 




Table 2.4.  Relative support for zero-inflated Poisson N-mixture models estimating Chimney 
Swift abundance in east-central Illinois during the summers of 2017 and 2018.  Included are the 
number of parameters in each model (K), Akaike's Information Criterion (AIC), difference in 
AIC values compared to the top‐ranked model (ΔAIC) and AIC model weight (wi).  All models 
account for imperfect detection with time2, total number of masonry chimneys observed and 
distance to city center.  Covariates include whether a point is inside or outside a city (inside city), 
location in natural areas vs. cities (natural area), proportion of buildings built in 1969 or earlier 
(building age) and proportion of low-, medium- and high-intensity development in 800 m and 5 
km point buffers. 
Model K AIC ΔAIC wi 
Inside city × distance to city center + med. devel. (5 km) 11 6460.46 0.00 0.97 
Inside city × distance to city center + city size 11 6467.87 7.41 0.02 
Inside city × distance to city center + high devel. (5 km) 11 6470.57 10.11 0.01 
Inside city × distance to city center + pop. trend zone 12 6474.06 13.60 0.00 
Inside city × distance to city center + total devel. (5 km) 11 6475.45 15.00 0.00 
Inside city × distance to city center 10 6483.93 23.47 0.00 
Inside city + distance to city center 9 6531.07 70.61 0.00 
Uncapped chimneys 8 6540.86 80.41 0.00 
Inside city 8 6547.65 87.19 0.00 
Row crop (800 m) 8 6601.82 141.37 0.00 
Total devel. (800 m) 8 6608.80 148.34 0.00 
High devel. (800 m) 8 6642.20 181.75 0.00 
Med. devel. (5 km) 8 6643.45 183.00 0.00 
Med. devel. (800 m) 8 6646.38 185.93 0.00 
Low devel. (800 m) 8 6648.01 187.55 0.00 
City size 8 6652.69 192.23 0.00 
High devel. (5 km) 8 6653.47 193.02 0.00 
Population trend zone 9 6656.90 196.45 0.00 
Total devel. (5 km) 8 6657.36 196.90 0.00 
Distance to city center 8 6659.08 198.63 0.00 
Row crop (5 km) 8 6660.26 199.80 0.00 
Proximity to large city 9 6660.34 199.88 0.00 
Low devel. (5 km) 8 6661.02 200.56 0.00 
Natural area 8 6662.44 201.98 0.00 
Intercept only 7 6668.34 207.89 0.00 
Total chimneys 8 6668.36 207.91 0.00 
Building age 8 6668.64 208.18 0.00 
Open devel. (800 m) 8 6669.86 209.40 0.00 





Table 2.5.  Relative support for linear models describing the number of uncapped masonry 
chimneys observed at points within city limits.  Included are the number of parameters in each 
model (K), Akaike's Information Criterion adjusted for small sample size (AICc), difference in 
AIC values compared to the top‐ranked model (ΔAICc) and AIC model weight (wi).  Parameters 
include proportion of buildings built in 1969 or earlier, distance to city center and proportion of 
low-, medium- and high-intensity development within 800 m and 5 km buffers.  Municipalities 
were surveyed throughout east-central Illinois in 2017 and 2018. 
Model K AICc ΔAICc wi 
Building age + low devel. (800 m) + total devel. (5 km) 5 1571.50 0 0.98 
Building age + low devel. (800 m) + med. devel. (5 km) 5 1579.91 8.4 0.01 
Building age + low devel. (800 m) 4 1586.72 15.22 0 
Low devel. (800 m) 3 1618.38 46.87 0 
Distance to city center 3 1625.88 54.37 0 
Total devel. (800 m) 3 1633.59 62.09 0 
Open devel. (5 km) 3 1634.23 62.73 0 
City size 3 1635.81 64.31 0 
Building age 3 1636.72 65.21 0 
Total devel. (5 km) 3 1636.92 65.42 0 
Row crop (5 km) 3 1637.43 65.93 0 
High devel. (5 km) 3 1638.38 66.88 0 
Low devel. (5 km) 3 1639.15 67.65 0 
Med. devel. (5 km) 3 1639.73 68.22 0 
Row crop (800 m) 3 1643.93 72.43 0 
High devel. (800 m) 3 1651.61 80.11 0 
Open devel. (800m) 3 1653.71 82.21 0 






Table 2.6.  Estimates (β) and 95% confidence intervals (CI) of parameter effects on the number 
of uncapped masonry chimneys observed at points within city limits.  Parameters include 
proportion of buildings built in 1969 or earlier, distance to city center and proportion of low-, 
medium- and high-intensity development within 800 m and 5 km buffers.  Municipalities were 
surveyed throughout east-central Illinois in 2017 and 2018. 
Parameter β Lower 95% CI Upper 95% CI 
Building age 4.60 1.89 7.31 
Distance to city center -0.64 -0.87 -0.42 
City size -0.01 -0.01 -0.005 
Total devel. (800 m) 3.66 2.15 5.17 
Total devel. (5 km) -5.10 -7.49 -2.71 
Low devel. (800 m) 9.03 6.89 11.17 
Low devel. (5 km) -10.29 -15.17 -5.41 
Med. devel (800 m) -5.12 -7.39 -2.85 
Med. devel. (5 km) -11.58 -19.22 -3.94 
High devel. (800 m) 4.63 0.19 9.06 
High devel. (5 km) -42.45 -62.15 -22.75 
Open devel. (800m) -4.12 -9.69 1.45 
Open devel. (5 km) -37.07 -52.48 -21.66 
Row crop (800 m) -2.88 -4.51 -1.25 





Table 2.7.  Relative support for multi-state occupancy models estimating probability of Chimney 
Swifts (CHSW) flying near uncapped chimneys (ѱ1), probability of chimney use given CHSW 
came near (ѱ2), and probability of correctly classifying chimneys as used (δ).  Included are the 
number of parameters in each model (K), Akaike's Information Criterion adjusted for small 
sample size (AICc), difference in AIC values compared to the top‐ranked model (ΔAICc) and 
AIC model weight (wi).  All models account for imperfect detection with time.  Covariates 
include number of CHSW observed at a point, number of stories of the building, and height of 
chimney above the roof. 
Model K AICc ΔAICc wi 
ѱ1 (CHSW) ѱ2 (.) δ (CHSW)  10 221.05 0.00 0.38 
ѱ1 (CHSW + stories) ѱ2 (CHSW + stories) δ (.) 12 221.46 0.41 0.31 
ѱ1 (CHSW) ѱ2 (.) δ (.) 9 223.19 2.14 0.13 
ѱ1 (CHSW + stories) ѱ2 (.) δ (.) 10 223.50 2.45 0.11 
ѱ1 (CHSW + stories) ѱ2 (CHSW) δ (.) 11 225.62 4.57 0.04 
ѱ1 (CHSW + stories + height) ѱ2 (.) δ (.) 11 225.89 4.84 0.03 
ѱ1 (stories) ѱ2 (stories) δ (.) 10 234.07 13.02 0.00 
ѱ1 (.) ѱ2 (CHSW + stories) δ (.) 10 235.27 14.22 0.00 
ѱ1 (.) ѱ2 (stories) δ (.) 9 235.98 14.93 0.00 
ѱ1 (.) ѱ2 (.) δ (CHSW) 9 235.99 14.94 0.00 
ѱ1 (stories) ѱ2 (.) δ (.) 9 237.41 16.36 0.00 
ѱ1 (.) ѱ2 (CHSW) δ (.) 9 237.71 16.66 0.00 
Intercept only 8 238.00 16.95 0.00 
ѱ1 (stories + height) ѱ2 (stories + height) δ (.) 12 238.07 17.02 0.00 
ѱ1 (.) ѱ2 (stories + height) δ (.) 10 238.14 17.09 0.00 
ѱ1 (stories + height) ѱ2 (.) δ (.) 10 239.31 18.26 0.00 
ѱ1 (.) ѱ2 (height) δ (.) 9 239.33 18.28 0.00 








Figure 2.1. BBS trend map of 
Chimney Swifts for 1966-2013 (Sauer 



























Figure 2.3. Defined strata of 
Chimney Swift population trend 
in the Grand Prairie Natural 
Division (GPND) of Illinois with 
a buffer of 5 miles. Strata are 
based on individual BBS route 
trend analyses (Sauer et al. 2014) 
and the BBS trend map for 
















Figure 2.4. All cities and natural areas surveyed for Chimney Swifts within the Grand Prairie 












Figure 2.5.  Chimney Swift occupancy (θ) and 95% confidence intervals predicted by the 
proportion of low intensity development in an 800 m buffer around points for east-central Illinois 
during the summers of 2017 and 2018.  
 
 
Figure 2.6.  Chimney Swift abundance per point and 95% confidence intervals predicted by the 
interaction of distance to city center (km) and whether a point was inside or outside a city for 





Figure 2.7.  Chimney Swift abundance per point and 95% confidence intervals predicted by 
proportion of medium intensity development in a 5 km buffer around routes and whether a point 
was inside or outside a city for east-central Illinois during the summers of 2017 and 2018.  
 
 
Figure 2.8. Chimney Swift abundance per point and 95% confidence intervals predicted by the 
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CHAPTER 3: ASPECTS OF MUNICIPALITIES ASSOCIATED WITH OCCUPANCY 
OF COMMON NIGHTHAWKS IN ILLINOIS 
 
3.1 INTRODUCTION 
Aerial insectivores (swifts, swallows, flycatchers and nightjars) are one of the fastest 
declining bird groups in North America (Nebel et al. 2010).  Most aerial insectivores have 
experienced continuous population declines since the 1980s, suggesting a shared ecological 
factor or set of factors driving declines.  Many factors may be contributing to declines such as 
habitat loss on both breeding and nonbreeding grounds (Arena et al. 2011, Brigham et al. 2011, 
Brown et al. 2000, Hansen et al. 2013, Malhi et al. 2008, Noss et al. 1995, Sampson and Knopf 
1994, Spiller and Dettmers 2019, Turner 1997), climate change (Both et al. 2006, Sillett et al. 
2000, Visser et al. 2006), and alteration of the landscape context around breeding habitats 
(Benton et al. 2002, Andrén 1994, Benton et al. 2002, Kennedy et al. 2011, Nebel et al. 2010, 
Trani et al. 2001).  Changes in food availability may also be driving aerial insectivore declines, 
especially in agriculturally dominated landscapes (Benton et al. 2002, Hallmann et al. 2014, 
Hallmann et al. 2017). 
Row crop agriculture may reduce insect abundance and habitat suitability for aerial 
insectivores (Benton et al. 2002, Grüebler et al. 2006, Newberry and Swanson 2018a).  Declines 
in insect populations may be associated with the increased use of agricultural pesticides and 
intensive farming practices (Benton et al. 2002, Geiger et al. 2010, Grüebler et al. 2007, 
Hallmann et al. 2014, Hallman et al. 2017, Moreby and Sotherton 1997).  The expansion of row 
crop agriculture may also limit nesting and foraging habitat for aerial insectivores due to the 




some aerial insectivores associated with urban areas continue to decline despite the spread of 
development in the last 30 years (Seto et al. 2011). 
The Common Nighthawk (Chordeiles minor) is an aerial insectivore which breeds across 
much of North America, often in urban areas, and has suffered regional population declines in 
the last 50 years (Brigham et al. 2011, Sauer et al. 2017).  In North America, the Common 
Nighthawk has declined at a rate of 1.93% per year since 1966, although declines have slowed to 
0.47% per year in the last decade (Sauer et al. 2017).  However, in some Midwestern states such 
as Illinois, nighthawk declines have accelerated in the last decade (1.60% per year) compared to 
declines since 1966 (1.40% per year) (Sauer et al. 2017).  While declines are widespread, 
populations in some regions such as the central U.S. have been relatively stable in the last decade 
(0.34 to 1.95% increase per year) (Sauer et al. 2017).  The heterogeneity of nighthawk 
population trends may be due to differences in habitat availability across their range (Mays et al. 
2019, Newberry and Swanson 2018a). 
Like other crepuscular birds in the order Caprimulgiformes (nightjars and allies), 
Common Nighthawks rely on camouflage to avoid predation and tend to select roosting and 
nesting sites favorable for thermoregulation (Holyoak 2001, Körtner and Geiser 1999, Weller 
1958).  Nesting substrates must provide camouflage and suitable microclimates for eggs and 
nestlings; these include bare ground, gravel or sparse vegetation found in sand dunes, grasslands, 
open woodlands, recently logged forests, and flat, gravel rooftops (hereafter, gravel rooftops) 
(Brigham et al. 2011).  Rooftop nesting was first recorded in 1859 (Gross 1940), but nighthawks 
may prefer to nest in natural areas due to cooler microclimates (Brigham 1989, Lohnes 2010, 
Marzilli 1989, Newberry and Swanson 2018a, Weller 1958).  Nighthawks may select gravel 




Grazma 1967, Marzilli 1989).  However, urban nesting habitat may become less suitable with 
changes in roofing practices (DeVries and Forys 2004, Newberry and Swanson 2018a).  Since 
the 1950s, gravel rooftops have slowly been replaced by cheaper, energy-efficient materials (e.g., 
rubber, poly-synthetics, and bitumen) which provide less suitable nesting substrates due to a lack 
of camouflage and hotter temperatures (Brigham et al. 2011, Marzilli 1989).  If the rate of gravel 
rooftop conversion continues, nighthawks could be extirpated from some urban areas in the next 
decade (DeVries and Forys 2004, Swanson and Newberry 2018a).   
While the Breeding Bird Survey has revealed widespread population declines in 
Common Nighthawks, these data may be less than ideal because surveys are conducted in the 
morning when nighthawks are less active, and routes tend to avoid cities (Brigham et al. 2011, 
Peterjohn et al. 1995, Sauer et al. 2008).  Many regions have estimates of population change that 
are viewed as potentially unreliable because they are based on relatively few routes or routes 
with low abundance (Sauer et al. 2017).  Surveys near dawn or dusk would be more likely to 
detect nighthawks since they are crepuscular birds (Brigham et al. 2011), and surveys within 
developed areas where gravel rooftops occur may be more likely to detect breeding nighthawks 
(Brigham et al. 2011). 
My main objective was to understand how habitat and landscape features influence 
Common Nighthawk occupancy in east-central Illinois.  Since Common Nighthawks may nest 
on gravel rooftops in areas where suitable natural habitat is limited (Brigham 1989, Newberry 
and Swanson 2018a) and most of the prairie in central Illinois has been converted into row crop 
agriculture (Iverson 1988), I expected occupancy to be greatest in developed areas—especially 
highly developed areas and large cities where gravel rooftops may be more abundant.  I also 




may provide nesting or foraging habitat.  Since gravel rooftops are slowly being replaced by 
newer materials, I predicted that nighthawk occupancy would be positively influenced by the 
proportion of older buildings in a city.  In addition, I predicted that nighthawk occupancy would 
be greatest at the center of a city due to higher concentrations of gravel rooftops.  Assuming food 
and nest site availability is limited by agriculture, I also expected occupancy would be negatively 
affected by row crops within the landscape.  Overall, increased knowledge about nighthawk 





 The study region consists of the Grand Prairie Natural Division of central and east-central 
Illinois (Figure 3.1), which was primarily tallgrass prairie before it was converted to an 
agriculturally dominated landscape (Schwegman 1973).  I sampled 10 natural areas (e.g., parks 
and preserves) and 126 municipalities in this region, consisting of randomly selected cities with 
< 10,000 people (hereafter, small cities, n = 108) and all cities with > 10,000 people (hereafter, 
large cities, n = 18) (2010 U.S. Census).  I sampled 90 cities and 6 natural areas in 2017.  In 
2018, I revisited all 18 large cities, 36 of the small cities, and 3 natural areas; in addition, I 
surveyed another 36 cities and 4 natural areas.  I used a stratified random sampling approach to 
select small cities based on population size and proximity to large cities.  I randomly selected 




each large city (neighboring cities, n = 27).  I excluded cities < 2 km from a large city to avoid 
double-counting. 
Surveys 
 I sampled roadside routes with 3-minute point counts spaced at equal intervals using a 
modified Breeding Bird Survey methodology (Robbins et al. 1986).  I used 1600-meter 
increments between points instead of 800-meter increments to decrease the chance of double-
counting since nighthawks may forage up to 3 km from their roost (Brigham and Fenton 1991, 
Ng 2009).  Routes had up to 10 points within the town or city and 2 to 5 points outside the town 
or city depending on size.  Beginning at the center of municipalities, routes continued along low-
volume roads bisecting the city.  I selected routes with as many types of developed land-cover 
(low-, medium-, and high-intensity) within a municipality as possible and undeveloped land-
cover outside the municipality.  Meanwhile, depending on size, routes in natural area had 1–3 
points.   
I sampled routes 2-3 times (approximately every 3 weeks) between May 15 and August 
15 of 2017 and 2018.  I sampled routes throughout the day to maximize efficiency.  To increase 
chances of detecting Common Nighthawks, each route was sampled at least once near dawn or 
dusk (between 30 minutes before and 2 hours after sunrise or 2 hours before and 30 minutes after 
sunset).  I did not conduct surveys during periods of steady rain or heavy fog (Howe et al. 1997).  




1997), land-cover type, and the maximum number of Common Nighthawks simultaneously 
observed within an unlimited radius at each sampled point.   
Spatial Analyses 
I determined the areal extent of municipalities from Topologically Integrated Geographic 
Encoding and Referencing (TIGER) system shapefiles (U.S. Census Bureau 2016) and the 2015 
Cropland Data Layer (USDA National Agricultural Statistics Service 2017); the municipality 
boundary was delineated by the intersection of TIGER shapefiles and off-road developed land-
cover.  The age distribution of buildings was obtained from the American Community Survey 
(U.S. Census Bureau 2015).  I examined the proportion of buildings built prior to 1970 (hereafter 
building age) because alternative materials (e.g., rubber, polysynthetics and bitumen) have 
slowly replaced gravel rooftops in recent years.  The landscape composition surrounding each 
sampled municipality or natural area, route, and sample point was evaluated using the 2015 
Cropland Data Layer (USDA National Agricultural Statistics Service 2017), which defines 
development intensity by the percentage of impervious surface relative to total cover.  I assessed 
the proportion of open developed space (e.g., golf courses and parks), low- and medium-intensity 
developed space (e.g., primarily residential development) and high-intensity developed space 
(e.g., primarily commercial and industrial development, apartment complexes and row housing), 
row-crop, forest and grassland (including pastures) land-cover.  I chose an 800-m buffer around 
points to represent local habitat and a 1-km buffer around routes to represent the larger landscape 
context.  I also determined the distance of each point to the center of the nearest municipality. 
Occupancy Models 
 I used single-season multi-scale occupancy models to investigate factors affecting 




cities, and the landscape surrounding both sample points and routes (Nichols et al. 2008).  
Multiple visits to each point allowed me to account for imperfect detection, and I included year 
as a covariate for detection and occupancy in all models.  I evaluated models with Akaike’s 
Information Criterion (AIC; Burnham and Anderson 2003).  Using a 2-step process, I evaluated 
route-scale and then point-scale covariates (Table 3.1) with the best-fit structure for detection 
probability.  I examined the effects of year, linear and quadratic effects of time of day (to 
account for increased activity near dawn and dusk), day of season, wind, cloud cover, and 
precipitation on detection probability.  Final models had up to five covariates (including year).  I 
did not include correlated variables (|r| > 0.5) in the same model.  Covariate averages were 
included for missing values (n = 10). 
 
3.3 RESULTS 
Common Nighthawks were recorded in 20 of 126 municipalities surveyed: 10 in 2017 
and 13 in 2018.  I did not detect nighthawks at any of the 10 natural areas surveyed.  I detected 
nighthawks at 5.5% of all sampled points between 2017 and 2018 (n = 476).  Detection 
probability was greatest near sunrise and sunset and approached zero during the day, as indicated 
by time (β = -5.61, 95% CI: -8.50, -2.72) and the square of time (β = 0.226, 95% CI: 0.110, 
0.342; β0 = 22.5, 95% CI: 10.0, 35.1).  Nighthawk detection probability was 0.719 (95% CI: 
0.252, 0.951) near sunrise, declined to 0.00 (95% CI: 4.98 x 10-8, 2.40 x 10-3) during the day, and 
peaked at 0.967 (95% CI: 0.662, 1.00) near sunset.  Year had little to no effect on detection 
probability (β = 0.945, 95% CI: -0.708, 2.60).  
Common Nighthawk route occupancy (ѱ) was estimated as 0.416 (95% CI: 0.123, 0.784) 




1 km buffer (β = -5.43, 95% CI: -9.25, -1.61; β0 = 3.70, 95% CI: -0.335, 7.73; Tables 3.2 and 
3.3, Figure 3.2).  While included in models to distinguish between years, year did not 
significantly affect route occupancy (β = -1.60, 95% CI: -4.89, 1.69).  The proportion of open 
development within 1 km of a route increased the probability of route occupancy (β = 46.3, 95% 
CI: 13.5, 79.1; β0 = -2.97, 95% CI: -5.85, -0.0970).  Other types of development (low-, medium-, 
and high-intensity), grassland and forest within 1 km, and building age positively influenced 
route occupancy, and route location in a city vs. natural area negatively influenced route 
occupancy, although confidence intervals slightly overlapped with zero (Tables 3.2 and 3.3).  
City size, on the other hand, did not influence route occupancy (Table 3.3). 
Point occupancy (θ) ranged from 0.0411 (95% CIs: 0.0126, 0.126) to 0.457 (95% CI: 
0.172, 0.773) and increased with the with the proportion of buildings built prior to 1970 (β = 
9.53, 95% CI: 1.38, 17.7; Tables 3.2 and 3.4, Figure 3.3) and the proportion of high-intensity 
development in an 800-m radius (β = 53.6, 95% CI: 20.7, 86.5; β0 = -10.6, 95% CI: -16.8, -4.34; 
Tables 3.2 and 3.4, Figure 3.4).  Other types of development (e.g. medium-intensity) had a weak 
effect on point occupancy compared to high-intensity development (Table 3.4).  Point occupancy 
was slightly greater in 2018 compared to 2017 (β = 2.72, 95% CI: 0.647, 4.79).  On the other 
hand, point occupancy decreased with the proportion of cropland (β = -4.38, 95% CI: -6.41, -
2.35; β0 = -1.35, 95% CI: -2.11, -0.819; Table 3.4) and grassland (β = -14.5, 95% CI: -27.2, -
1.91; β = -1.45, 95% CI: -2.47, -0.429; β0 = -1.45, 95% CI: -2.47, -0.429; Table 3.4) within 800 
m, although both were correlated with total development (r = -0.74 and -0.52, respectively).  
However, the proportion of forest within 800 m and the distance to the nearest city center or edge 
did not significantly affect point occupancy, and points inside cities were no more likely to be 





Common Nighthawk route occupancy was negatively associated with row crops and 
positively associated with forest, grassland, and development in the surrounding landscape, 
especially less concentrated (e.g., open and low-intensity) development.  Point occupancy was 
also positively associated with development, particularly older, high-intensity development.  .  
The amount of nearby row crop and grassland also had a slightly negative effect on nighthawk 
point occupancy.  These results suggest that nighthawk occupancy may be most dependent on 
available nesting habitat, which is primarily found in cities within agriculturally dominated 
landscapes (Mays et al. 2019, Newberry and Swanson 2018a).  Current agricultural practices 
may deter nighthawks from nesting or foraging in row crops and pastures (Newberry and 
Swanson 2018a).  
The negative influence of row crops on nighthawk occupancy could be related to 
negative impacts of pesticides and agricultural intensification on food availability.  Aerial insect 
abundance and richness may be reduced in intensively farmed regions where pesticides are 
widely used and uncultivated field margins have been converted to row crops (Benton et al. 
2002, Grüebler et al. 2006, Newton 2004).  Nighthawks tend to target emerging or swarming 
insects (e.g., Trichoptera, Hymenoptera) and larger insects (e.g., Coleoptera) to maximize calorie 
intake (Brigham 1990, Caccamise 1974, Knight et al. 2018, Todd et al. 1998), but changes in 
insect populations could prevent selective foraging and result in a dietary shift (Nocera et al. 
2012).  While pesticides are also commonly used in urban areas, the concentration of pesticides 
may be much greater in agricultural areas (Botías et al. 2017, Coupe et al. 2000).  In addition, 
agricultural intensification may reduce natural nesting habitat where grasslands are replaced by 




Although insect population declines may have negative impacts on aerial insectivores 
such as the nighthawk, the loss of suitable nesting habitat is likely a driver of local declines.  
Outside of cities, nighthawks nest on bare ground in grasslands and woodlands (Brigham et al. 
2011).  Most of the prairies that dominated Illinois and other midwestern states prior to 
settlement have been converted into agricultural land, and in the last 50 years many pastures and 
hay fields have been replaced by row crops (Samson et al. 2004, Warner 1994).  Nighthawks 
historically nested in cultivated fields and pastures (Gross 1940), but intensive farming and 
conversion to row crops may severely limit suitable nesting habitat in agricultural areas 
(Newberry and Swanson 2018a).  Row crop fields without a sufficient patchwork of grassland 
may deter nighthawks (Newberry and Swanson 2018a, Ng 2009).  Thus, in the past century, 
breeding nighthawks have become increasingly associated with developed areas in the 
midwestern U.S. 
Nighthawk occupancy seemed to be most dependent on development, possibly due to 
availability of nesting habitat.  The total amount of development in an area positively influenced 
occupancy, but proportion of high-intensity development (primarily commercial, industrial and 
apartment buildings) greatly increased occupancy—possibly due to a higher concentration of 
gravel rooftops in urban centers (Hutchinson 2017).  The proportion of buildings built prior to 
1970 and open or low-intensity development in the surrounding landscape also increased 
nighthawk occupancy, suggesting that older buildings in less urbanized areas may be more likely 
to provide suitable nesting habitat.  This may be a result of changing building practices and the 
increased use of alternative materials on flat rooftops which are unsuitable for nesting.  Less 
expensive, energy-efficient materials that reflect heat and do not provide camouflage, such as 




1950s (DeVries and Forys 2004).  Alternatively, older towns, presumably less urbanized, may 
provide better quality green spaces with greater insect diversity (Aronson et al. 2017, Davies et 
al. 2008).  Based on a post hoc examination of buildings using satellite imagery, 85% of all 
points with nighthawk detections (n = 26) had at least one gravel roof within 1 km.  However, 
when compared to a set of randomly selected points with no nighthawk detections and a similar 
city size distribution, only 54% of points had at least one gravel rooftop within 1 km. 
Nighthawks may prefer natural nesting habitat over gravel rooftops (Brigham 1989, 
Newberry and Swanson 2018a), but they may require a large amount of suitable nesting habitat 
(Newberry and Swanson 2018a).  Unfortunately, Common Nighthawk breeding may be limited 
to cities in some regions due to the loss of natural nesting habitat (Brigham et al. 2011, Mays et 
al. 2019).  The Midwest has lost 99% of its native prairie since settlement (Sampson and Knopf 
1994) and the remaining forest is fragmented (Radeloff et al. 2005).  In Illinois, only 19% of 
forests and 0.01% of native prairie remain intact (Iverson 1988).  In regions without enough 
natural breeding habitat, Common Nighthawk declines might be related to loss of artificial 
nesting habitat or inferior quality of these habitats.  Compared to natural nesting habitat (e.g., 
grasslands and open woodlands), gravel rooftops may have increased nest failure due to higher 
temperatures and abundance of urban predators like corvids, raccoons and cats (Brigham 1989, 
Brigham et al. 2011, Marzilli 1989, Wedgwood 1991).  Artificial nighthawk nests with Coturnix 
quail eggs, similar to nighthawk eggs in size and color, were more vulnerable to crow 
depredation on gravel rooftops compared to rural nest sites (Latta and Latta 2015).  Nestlings 
may also be more prone to overheating on gravel rooftops, especially those with little shade from 
the sun (Newberry and Swanson 2018b).  In addition, nighthawk nest site fidelity is high, and 




Common Nighthawk populations may benefit from creation of more suitable nesting habitat such 
as green roofs or natural habitat. 
Providing supplemental nesting habitat on rooftops has been suggested as a potential 
conservation strategy for Common Nighthawks (Lohnes 2010, Newberry 2018), but success will 
depend on the suitability of the nesting habitat (i.e., provide a cool microclimate and camouflage 
for eggs; Brigham et al. 2011).  Some cities have constructed gravel patches on flat rooftops, but 
none have confirmed use by nighthawks since a 1989 study, in which 3 of 14 gravel patches 
were used for nesting (Caduto 2008, Lohnes 2010, Marzilli 1989, N.H. Audubon 2008).  Like 
traditional gravel rooftops, these patches are exposed to heat and predation, and may be less 
suitable for nesting compared to natural areas (Brigham 1989, Brigham et al. 2011, Marzilli 
1989).  Green roofs—supplemental habitat created to mitigate the negative effects of 
urbanization on biodiversity—could be designed to provide nesting habitat for nighthawks and 
other declining birds (Baumann 2006, Coffman and Waite 2011).  However, while green roofs 
provide foraging and nesting habitat for some birds, construction is expensive and there is little 
evidence for successful breeding of ground-nesting birds such as nighthawks (Baumann 2006, 
Fernández-Cañero and González-Redondo 2010).  Since rooftop nesting habitat may have 
reduced nest success, natural nesting habitat may be most important for declining Common 
Nighthawk populations. 
Another potential strategy to increase suitable nesting habitat for nighthawks is through 
management techniques such as thinning, prescribed fire, and grazing.  Controlled fire and 
grazing are considered effective management tools for maintaining healthy grasslands and 
woodlands that support bird conservation (Churchwell et al. 2008, Fuhlendorf et al. 2006, 




ground that may attract ground-nesting birds including the Common Nighthawk (Churchwell et 
al. 2008, Fowle 1946, Grudzinski et al. 2016, Hagar et al. 2004, Lohnes 2010).  Nighthawks 
were associated with early successional, burned forest in Yukon (Sidler 2017) and with bison-
grazed and/or burned tallgrass prairie in Kansas (Lohnes 2010).  In addition, fire and grazing 
may increase aerial insect abundance and/or biodiversity (Kral et al. 2017, Moretti et al. 2004) 
which may attract aerial insectivores, including nighthawks (Evans et al. 2007, Russell et al. 
2009, Saab and Powell 2005, Zimmerman 1997).  Therefore, management of grasslands and 
woodlands to maintain nesting habitat has potential to slow or reverse the declines of Common 
Nighthawks. 
The availability of suitable nesting habitat may be the most critical aspect of breeding 
areas for Common Nighthawks.  Changes in insect populations and abundance may be driving 
nighthawk declines as well, but not all aerial insectivores are declining.  Many aerial 
insectivores—particularly swallows—have been increasing in Illinois while they are declining 
elsewhere (Nebel et al. 2010, Walk et al. 2010).  This inconsistency may be due to differences in 
diet; swallow diets consist mostly of Dipterans (Paquette et al. 2013), while nighthawks prefer 
Hymenopterans and Coleopterans (Todd et al. 1998).  Differences in population trends between 
species could also be related to nesting habitat availability.  For instance, Barn Swallows are 
highly adaptable and will nest on a variety of structures, including buildings, bridges, and nest 
boxes, as well as tree cavities (Brown and Brown 2019), whereas nighthawks depend on gravel 
rooftops and patchy vegetation in grasslands or woodlands.  Locally, management techniques 
(e.g., prescribed burning and grazing) that maintain suitable nesting habitat in grasslands and 
woodlands may benefit declining nighthawk populations most.  Although breeding may be most 




sinks due to lower nest success and the replacement of gravel with synthetic materials.  More 
research is needed to understand the requirements of gravel rooftops and green roofs for 
successful breeding.  Long-term, Common Nighthawk populations across North America may be 
sustained by the management and protection of grasslands and open woodlands.  However, the 
amount of suitable habitat necessary to support breeding populations in agriculturally dominated 




3.5 TABLES AND FIGURES 
Table 3.1.  Covariates used in models of Common Nighthawk occupancy, including city 
characteristics and land-cover type proportions (local/point and landscape/route scale).  
Variable Mean SD  Min. Max. 
City characteristics     
  Distance to center (km) 2.60 1.90 0.02 11.24 
  Distance to edge (km) 1.10 1.03 0.00 6.94 
  City size (km2) 14.65 47.94 0.25 408.74 
  Buildings built prior to 1970 0.63 0.14 0.12 0.95 
Landscape (1 km)     
  Open developed 0.07 0.03 0.01 0.15 
  Low-intensity developed 0.13 0.08 0.01 0.36 
  Medium-intensity developed 0.04 0.05 0.00 0.26 
  High-intensity developed 0.01 0.02 0.00 0.10 
  Total developed 0.25 0.15 0.06 0.72 
  Row crop 0.61 0.21 0.12 0.92 
  Grassland 0.05 0.06 0.00 0.57 
  Forest 0.06 0.10 0.00 0.43 
Local land cover (800 m)     
  Open developed 0.08 0.07 0.00 0.31 
  Low-intensity developed 0.17 0.19 0.00 0.82 
  Medium-intensity developed 0.06 0.10 0.00 0.51 
  High-intensity developed 0.02 0.06 0.00 0.66 
  Total developed 0.34 0.34 0.02 1.00 
  Row crop 0.61 0.36 0.00 0.98 
  Grassland 0.05 0.07 0.00 0.63 





Table 3.2.  Relative support for multi-scale occupancy models estimating Common Nighthawk 
route (ѱ) and point occupancy (θ) in east-central Illinois during the summers of 2017 and 2018.  
The number of parameters in each model (K), Akaike's Information Criterion adjusted for small 
sample size (AICc), difference in AIC values compared to the top‐ranked model (ΔAICc) and 
AIC model weight (wi).  All models account for imperfect detection by controlling for time of 
day and year.  Covariates include proportion of buildings built prior to 1970 (building age) and 
proportion of land-cover types (e.g., high-intensity development) in 1 km and 800 m buffers 
around routes and points, respectively. 
Model K AICc ΔAICc wi 
ѱ (row crop + year) θ (high devel. + building age + year) 15 215.46 0.00 0.94 
ѱ (row crop + year) θ (high devel. + year) 14 221.73 6.27 0.04 
ѱ (row crop + year) θ (row crop + year) 14 223.31 7.84 0.02 
ѱ (row crop + year) θ (total devel. + year) 14 226.86 11.39 0.00 
ѱ (row crop + year) θ (medium devel. + year) 14 232.76 17.30 0.00 
ѱ (row crop + year) θ (low devel. + year) 14 232.77 17.30 0.00 
ѱ (row crop + year) θ (inside city + year) 14 232.86 17.40 0.00 
ѱ (row crop + year) θ (buildingage + year) 14 239.13 23.67 0.00 
ѱ (row crop + year) θ (grassland + year) 14 239.86 24.40 0.00 
ѱ (row crop + year) θ (open devel. + year) 14 242.97 27.51 0.00 
ѱ (row crop + year) θ (distance to center + year) 14 244.62 29.15 0.00 
ѱ (row crop + year) θ (distance to edge + year) 14 245.22 29.76 0.00 
ѱ (row crop + year) θ (year) 13 245.75 30.29 0.00 
ѱ (high devel. + year) θ (year) 13 246.68 31.22 0.00 
ѱ (row crop + year) θ (city size + year) 14 246.98 31.52 0.00 
ѱ (row crop + year) θ (forest + year) 14 248.01 32.54 0.00 
ѱ (open devel. + year) θ (year) 13 249.22 33.76 0.00 
ѱ (medium devel. + year) θ (year) 13 252.72 37.26 0.00 
ѱ (total devel. + year) θ (year) 13 252.95 37.48 0.00 
ѱ (.) θ (.) 9 253.19 37.73 0.00 
ѱ (low devel. + year) θ (year) 13 253.52 38.06 0.00 
ѱ (building age + year) θ (year) 13 255.40 39.94 0.00 
ѱ (forest + year) θ (year) 13 257.11 41.65 0.00 
ѱ (grassland + year) θ (year) 13 258.99 43.53 0.00 
ѱ (year) θ (year) 12 259.58 44.12 0.00 
ѱ (city size + year) θ (year) 13 259.61 44.15 0.00 






Table 3.3.  Estimates (β), intercepts (Β0), and 95% confidence intervals (CI) of effects on 
Common Nighthawk route occupancy (ѱ).  Estimates were derived from the top-ranked model in 
which the variable occurred.  Variables include proportion of buildings built prior to 1970 
(building age), distance to city center/edge and proportion of land-cover types (e.g., row crop, 
low-intensity development) within 1 km of a route.  Municipalities were surveyed throughout 











Open devel. 46.31 13.53 79.10 -2.97 -5.85 -0.10 
Low devel. 25.68 -1.78 53.14 -4.57 -8.33 -0.81 
Medium devel. 147.64 -40.11 335.38 -4.02 -9.09 1.05 
High devel.a 0.63 -2.74 4.02 0.37 -1.29 3.08 
Total devel.a 3.05 0.50 5.56 -1.23 -2.84 0.78 
Grassland 42.58 -19.00 104.17 1.13 -6.71 8.96 
Forest 149.80 -80.49 380.08 14.01 14.01 14.01 
Row crop -5.43 -9.25 -1.61 3.70 -0.34 7.73 
City sizea 0.00 -0.01 0.02 -0.05 -2.69 2.61 
Building agea 11.83 -5.35 29.01 -6.96 -16.43 2.50 
Natural areaa -0.75 -3.78 2.67 0.25 -1.43 2.82 





Table 3.4.  Estimates (β), intercepts (β0), and 95% confidence intervals (CI) of effects on 
Common Nighthawk point occupancy (θ) along routes.  Estimates were derived from the top-
ranked model in which the variable occurred.  Variables include proportion of buildings built 
prior to 1970 (building age), distance to city center/edge and proportion of land-cover types (e.g., 
row crop, development) within 800 m of a point.  Municipalities were surveyed throughout east-











Open devel. 6.66 1.11 12.20 -2.66 -3.83 -1.48 
Low devel. 4.13 1.89 6.38 -3.23 -4.51 -1.94 
Medium devel. 4.13 1.89 6.38 -3.23 -4.51 -1.94 
High devel. 53.58 20.70 86.48 -10.59 -16.84 -4.34 
Total devel. 3.32 1.87 4.78 -4.54 -5.81 -3.28 
Grassland -14.53 -27.15 -1.91 -1.45 -2.47 -0.43 
Forest -0.52 -4.39 3.34 -1.88 -2.93 -0.82 
Row crop -4.38 -6.41 -2.35 -1.35 -2.11 -0.58 
City size 0.00 -0.01 0.00 -1.73 -2.76 -0.70 
Inside city -22.04 -882.37 838.29 -0.38 -1.72 1.35 
Distance to edge -0.49 -1.10 0.12 -1.51 -2.61 -0.41 
Distance to center -0.23 -0.47 0.02 -1.17 -2.4 0.06 
Building age 9.53 1.38 17.7 -10.59 -16.8 -4.34 













Figure 3.2.  Predicted Common Nighthawk route occupancy (ѱ) and 95% confidence intervals 
as a function of the proportion of row crop fields in a 1-km buffer.  Routes were sampled in east-
central Illinois during the summers of 2017 and 2018. 
 
 
Figure 3.3.  Predicted Common Nighthawk point occupancy (θ) and 95% confidence intervals as 
a function of the proportion of buildings built prior to 1970 in a municipality.  Routes were 





Figure 3.4.  Predicted Common Nighthawk point occupancy (θ) and 95% confidence intervals as 
a function of the proportion of high-intensity development in an 800-m buffer.  Routes were 
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CHAPTER 4: GENERAL CONCLUSION 
 Aerial insectivores like the Chimney Swift and Common Nighthawk are rapidly 
declining, and the loss of nesting habitat may be a major driving factor.  Both Chimney Swifts 
and Common Nighthawks are dependent on artificial structures for nesting in areas lacking 
sufficient natural habitat.  However, suitable nesting habitat is becoming scarce even in 
developed areas as building practices change.  Gravel rooftops, utilized by Common 
Nighthawks, and masonry chimneys, nested in by Chimney Swifts, are becoming scarce as they 
are capped or replaced with newer materials, making them unsuitable for nesting. 
 Chimney Swift occupancy was associated with the abundance of uncapped chimneys.  
Uncapped chimneys were most abundant in at the center of municipalities and in low-intensity 
development (e.g., single-family housing) with minimal surrounding development, and Chimney 
Swift occupancy followed a similar pattern.  Low-intensity development was the best predictor 
of occupancy and one of the best predictors of uncapped chimney abundance.  In addition, 
distance to city center and the amount of development in the landscape strongly influenced both 
uncapped chimney and Chimney Swift abundance.  Uncapped chimney abundance was also 
greatest in municipalities with more buildings built prior to 1970, probably due to changes in 
building practices.  On the other hand, the amount of row crop in the landscape context did not 
significantly affect Chimney Swift occupancy.  Thus, the availability of suitable chimneys may 
be a primary limiting factor for Chimney Swifts in east-central Illinois. 
 Similarly, Common Nighthawk occupancy seemed to be strongly influenced by the 
availability of gravel rooftops for nesting.  Occupancy was greatest in high-intensity 
development (e.g., commercial and industrial buildings) and in municipalities with more 




in the landscape context, which may be due to food availability or fewer opportunities for nesting 
or foraging.  This suggests that older buildings in commercial districts may be most likely to 
provide suitable nesting habitat for Common Nighthawks in east-central Illinois. 
 As Common Nighthawks and Chimney Swifts decline and continue to lose nesting 
habitat, creation of supplemental nesting habitat and management of natural habitat may be most 
important for conservation.  Although costly, artificial chimneys may provide supplemental 
nesting habitat for Chimney Swifts, and artificial green roofs or gravel patches may provide 
nesting habitat for nighthawks.  Management actions which increase bare ground (e.g., 
prescribed burning and grazing) would benefit breeding nighthawks, and protection of old-
growth forest with large hollow trees may encourage Chimney Swift nesting.  However, as urban 
areas expand and row crops dominate the landscape, swifts and nighthawks may increasingly 
depend on artificial structures for nesting.  Changes in building practices also limit suitable 
nesting habitat for these species since modern structures may be unsuitable.  For this reason, it 
may be difficult to support Common Nighthawk and Chimney Swift breeding populations in 
areas where little natural nesting habitat remains.  The amount of supplemental nesting habitat 
that could reasonably be provided for these aerial insectivores may not sustain breeding 
populations given the potential influence of other factors like changes in insect populations.  
Therefore, managers may have to accept a certain level of decline in some regions of Illinois. 
 
